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Abstract
Alfalfa (Medicago sativa L.) is one of the most cultivated forage legumes in Morocco thanks 
to its great adaptation to the climatic conditions of this country, its high protein content 
and its ability to fix atmospheric nitrogen in symbiosis with rhizobia. Environmental 
stresses such as drought and salinity constitute a major factor limiting the symbiotic 
nitrogen fixation and legume productivity. In the last decades, this process has interested 
scholars in understanding the implication of these strains in legume stress tolerance in 
order to make these symbioses more efficient under difficult conditions. Seed osmoprim-
ing is a great technique in the amelioration of seed germination and seedlings growth in 
responses to several abiotic stress conditions. In this chapter, the effects of water deficit 
on the Moroccan alfalfa populations and their symbiotic association with rhizobia were 
discussed. Besides, osmopriming could make these symbioses more efficient especially 
under stress conditions.
Keywords: alfalfa, drought, salinity, N
2
-fixing, osmopriming, photosynthesis
1. Introduction
Alfalfa (Medicago sativa L.) is a frequently cultivated legume forage in the Mediterranean 
region thanks to its high leaf protein content, effects on soil fertility and deep root system [1]. 
In Morocco, this crop occupies 455,000 ha, which represents about 25% of the area devoted 
to forage crops where 40% is in irrigated systems. In the southeast oases of Morocco, alfalfa 
cultivation contributes to socioeconomic life as the main forage crop. Local alfalfa popula-
tions have many characteristics of agronomic interest such as tolerance to grazing (capacity 
for rooting and regrowth and diseases) [2], and are considered moderately tolerant to abiotic 
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stresses, including drought and salinity in these areas, but they show significant variation 
within many of them depending on their habitats of origin.
Water deficit in these regions is one of the major factors influencing the productivity and 
persistence of many crops. This stress aggravates the impact of other abiotic or biotic stresses 
to which plants are exposed. In addition, the increase in water demand by other sectors of 
the national economy (industry and tourism) and the high incidence of drought due to cli-
mate change have led to low water availability for agriculture. In addition, climate change 
is expected to increase the extent of drought and temporal variation in our Mediterranean 
region [3]. Moreover, this constraint limits the forage production of alfalfa in several regions 
of the world via its negative effects on germination, the rate of photosynthesis, the metabolism 
of the plant and its ability to establish and function in the N
2
 fixing symbiosis. A severe and 
prolonged water deficit decreases the number of rhizobia and affects its genetic diversity in 
the soil as well as in the rhizosphere [4], by inhibiting the process of root infection and directly 
influencing the functioning of the nodules and the survival of rhizobia in the soil. As a result, 
large quantities of chemical fertilizers have to be brought to the soil, some of which (about 1%) 
are used by plants, while the rest are rapidly converted into insoluble complexes. These lead to 
the need for frequent application of fertilizers; however, its regular use has become costly and 
ecologically undesirable, and it raises soil salinity in the long term, hence the need to develop 
economic and environmentally friendly technologies. The selection, the characterization of 
drought-tolerant alfalfa populations, their symbiosis and the understanding their responses 
to theses abiotic stresses are of great importance by taking advantage of the genetic biodiver-
sity of both local populations and rhizobia strains in the soil. Seed osmopriming could be also 
an effective technique for improving germination and vigour of young seedlings of many spe-
cies. It is a useful tool to overcome the problems of drought and salinity, ensuring the rapid 
and successful establishment of seeded seeds and the induction of tolerance mechanisms in 
young seedlings in post-germination, especially under conditions of stress [5].
In this context, the major objective of this review is dedicated to the presentation of the recent 
knowledge on the effects of water stress and salinity on the growth and development of 
alfalfa (M. sativa L.), first in the germination stage, during their stage of development and in 
association with rhizobia isolated from different Moroccan soils. The study was focused on 
physiological, hydric, growth, biochemical and photosynthesis parameters related to water 
deficit and salinity tolerance, as well as the presentation of recent knowledge about the impact 
of seed priming on the tolerance of alfalfa to drought conditions.
2. Alfalfa origins and domestications
It is difficult to recognize the origins of the first domestications of alfalfa (M. sativa L.). It was 
cultivated according to different authors 9000 years ago, in its centre of origin. In Ref. [6], the 
centre of origin of M. sativa is the Near East, Asia Minor, Transcaucasia, Iran and the high 
areas of Turkmenistan. The most common geographic centre is Iran (Figure 1). These regions 
are characterized by cold winters and dry, warm summers and well-drained and neutral pH 
soils [7]. In Ref. [8], a second centre of origin, Central Asia, characterized by a dry climate and 
mild winters was added.
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Alfalfa cultivation was introduced to North Africa 400–500 years BC through Egypt and 100 
years BC by the Roman Empire [9]. These introductions concerned the Atlas Mountains. Other 
more recent introductions were made in the eighth century by Arab Muslims and concerned 
the pre-Saharan oases [9], and thanks to Arab Muslims during the seventh and eighth centu-
ries, it was reintroduced into Europe via Africa, and the name “alfalfa” in English is a word 
from Arabic meaning “al alfa” [10] .
3. The responses of alfalfa to osmotic stress
3.1. Alfalfa responses of plants to water deficit
The response of alfalfa to water deficit mainly depends on the severity of the stress and growth 
stage and its physiological state. It results in a 49% decrease in biomass and an 18% increase 
in leaf-to-stem ratio [12]. The three main mechanisms that reduce the yield of alfalfa due to 
water deficiency are (i) reduction of the absorption of photosynthetic radiation by the canopy, 
(ii) decrease of radiation efficiency and (iii) reduction of the harvest index [13].
3.2. Effect on seed germination
Seed germination and seedling growth are the most vulnerable stages to drought. Thus, water 
stress is one of the main fatalities to seed germination in alfalfa. Germination is a metabolic 
Figure 1. The different routes and approximate dates of the spread of alfalfa cultivated from its centre of origin. (-) 
Correspond to the dates before JC [11].
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process requiring three main factors—water, oxygen and temperature—in addition to light 
as another factor in some species. At seeding, water stress inadequacy delays the germination 
process and reduces germination percentage and growth rate. It induces irregular germination 
and non-synchronized emergence of alfalfa seedlings, resulting in low stand populations and 
reduced yields [14]. In Refs. [1, 15], the exposure of alfalfa seeds to high concentrations of poly-
ethylene glycol (PEG) significantly decreased their germination rate, radicle length and velocity 
index, and thus the seed germination is inhibited beyond an osmotic pressure of −0.9 MPa. 
However, under moderate stress, the root length remains intact and even increases in some 
cases to resist water shortage, and this is probably due to the essential role of roots in the life 
and function of the plant [1].
3.3. Effect on growth and water uptake
A very moderate water deficit, which does not cause flagrant symptoms, results in a sig-
nificant change in the morphology and physiology of the plant in many species [16]. It acts 
negatively on cell division, enlargement and differentiation due to loss of turgor and induces 
decreased energy supply and synthesis of impaired enzymes. This stress causes, in alfalfa, as 
in other legumes, reduction of the leaf area, the number of leaves, the closure of the stomata 
limiting the assimilation of CO
2
, photosynthetic activity and growth [17].
The most severe effects of water deficiency occur at the root level and directly affect the water 
absorption process. The ability of alfalfa root to absorb water is the result of the intrinsic hydrau-
lic properties of the root [18]. Generally, this constraint causes an increase in root/stem ratio due 
to reduced aerial growth and low root change. This mechanism allows the plant to explore more 
soil volume to absorb water from deeper layers that are not affected by less developed roots. 
However, no relationship has been demonstrated between root/stem ratio and water deficit toler-
ance [19]. In addition, length or root density may have a direct relationship to this tolerance [20].
3.4. Effect on nutrient uptake
Water deficiency negatively affects the nutritional balance of legumes through its adverse 
effects on assimilation, transport and nutrient distribution. Depending on severity and dura-
tion, it reduces the bacterial mineralization of organic matter and negatively affects the ability 
of the roots to absorb nutrients despite the availability of these nutrients in the soil through its 
direct effect on root hydraulic conductance and transpiration [21] (Figure 2).
3.5. Effect on photosynthesis
The rate of photosynthesis is negatively affected by water deficit due to stomatal and non-stomatal 
changes [22]. The reduction of stomatal conductance (g
s
) and stomatal density is among the 
remarkable responses to water deficit in alfalfa plants [23, 24]. As a consequence of the stomata 
closure, the diffusion of CO
2
 from the atmosphere to the carboxylation site is reduced, which 
influences the activity of RuBisCO as well as other enzymes such as sucrose phosphate synthase 
(SPS) and nitrate reductase (NRA), whose inhibition is often considered to be the main cause 
of the decrease of water-deficient photosynthesis [25]. It has been shown that decreasing water 
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content and ion concentration in water-deficient leaves are more limiting for photosynthesis 
than closure of stomata [26]. Water stress also causes considerable disturbance of photosyn-
thetic pigments in the photosystem (PS) II, leading to degradation of thylakoid membranes [27] 
and reduction of chlorophyll content, affecting their components [28]. Chlorophyll b (Chl b) 
is more affected than chlorophyll a (Chl a) [29]. However, fluorescence produced by Chl after 
excitation by light is a non-destructive and rapid biomarker for the estimation of microbiological 
and environmental stress responses at the PS II level and its structure and function [30].
4. Alfalfa responses to salinity
Through the enhancement of osmotic pressure, salinity leads to the reduction of water uptake 
which subsequently affects several other metabolic and physiological processes leading to a 
prolongation of the germination period [31].
4.1. Effect on growth and nutrient uptake
Salinity affects all physiological processes of the plant. Its effects are mainly reflected by a 
growth reduction. In Ref. [32], it has shown that salt stress significantly inhibits alfalfa growth. 
The roots are often more affected than the aerial parts [33].
Salt stress causes an imbalance of the plant mineral nutrition that results from a disruption 
in the absorption and transport of essential items. In general, the presence of NaCl inhibits of 
K+, Ca2+, P
i
, NO3− and NH4+ uptake and reinforces Na+ and Cl− salt ions, which accumulate to 
become toxic for the plant [32]. Thus, in Ref. [34], salt stress resulted in significant K+ reduc-
tions and Na+ accumulations in young seedlings of M. sativa L.
Figure 2. The direct and indirect effects of water deficit on the assimilation of nutrients by roots [21].
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4.2. Effect on photosynthesis
In response to salt stress, a substantial decrease in a plant’s stomatal opening can be observed, 
but the rates of photosynthesis per unit leaf area sometimes remain unchanged [35]. Following 
stomatal closure, the internal reduction of CO
2
 decreases the activity of several enzymes includ-
ing RuBisCo [36]. In Ref. [37], it has been found that there is a large reduction in stomatal con-
ductance (g
s
) at two genotypes of durum wheat. Thus, limiting carboxylation and reducing the 
net photosynthetic rate, the effects of salinity on photosynthesis can be caused by alterations 
in the photosynthetic metabolism or else by secondary effects caused by oxidative stress [36].
4.3. Effect on the cell membrane
The plasma membrane is the main site of interaction between salt and alfalfa plant. Salt stress 
induces a perturbation of the lipid and protein composition in the cell membrane leading to 
an uncontrolled electrolyte leakage, thus affecting its permeability and stability [33, 38]. In 
sugar beet, it has been reported that saline treatment caused a significant leaf electrolyte loss 
reflecting the disruption and destabilization of cell membranes [38].
4.4. Effect on metabolic activity
Some enzymes with carboxylase activity are influenced by salinity. Indeed, the activity of 
phosphoenolpyruvate carboxylase (PEPC) and ribulose bisphosphate carboxylase oxygenase 
(RubisCO), enzymes involved in the fixation of atmospheric carbon dioxide, has been nega-
tively affected by salt stress [39]. This modulation is variable according to the species consid-
ered and the stage of development of the plant.
The activities of some enzymes involved in nitrogen nutrition of plants are not immune to turn the 
effect of salinity. In fact, it turned out that the salt stress has a negative influence on the activities of 
nitrate reductase and glutamine synthetase [38]. This effect varies according to the species, 
the variety and its nutrition in nitrogen ions.
5. Alfalfa rhizobia symbiosis under osmotic stress
Alfalfa is one of the legumes capable of fixing large amounts of N
2
 (200–400 kg ha−1 yr−1) in sym-
biosis with Ensifer (Sinorhizobium), and drought can indirectly reduce its productivity through 
impaired performance of the nodules. This stress affects not only the biomass of the nodules 
but also their functioning. In addition, several studies have reported that biological N
2
 fixing 
(BNF) is conditioned by the active interaction of nodules with the leaves and roots [40–42].
The effect of salinity on symbiosis manifests at different levels. Indirectly, salt stress can affect 
this symbiosis by reducing the growth of the host plant and affecting some of its physiological 
processes or directly by inhibiting the infection process and nodule development [43]. Under 
saline conditions, many studies have reported that the activity of the key enzyme in the N
2
 
reduction process, nitrogenase, is greatly reduced [44].
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6. Effect on multiplication and survival of rhizobia
Drought is one of the important factors influencing the proliferation of soil microflora. It 
reduces the availability of water around the soil particles and increases the salt concentra-
tion in the soil solution, which subsequently leads to adverse effects on growth, rhizobia 
persistence, movement and ultimately and their diversity in the soil [45]. Water deficiency 
has been shown to reduce the survival of almost all species of rhizobia, whether or not 
capable of nodulating legumes and often influencing the map of genetic diversity of differ-
ent species in the soil. Rapidly growing rhizobia is the most affected in comparison with 
slow-growing rhizobia [46]. Variability of the genetic tolerance potential has been observed 
in several rhizobia species such as Sinorhizobium [47]. The survival of these water-deficient 
strains mainly depends on their ability to enter into symbiosis even if this symbiosis is not 
very effective [48].
7. Effect on alfalfa plant in symbiosis
The detrimental effect of drought on BNF is manifested at several levels of symbiotic inter-
action, namely, the early stages of infection during development and the functioning of the 
nodules. The formation of new root hairs and the lengthening of previously dissociated 
hairs are reduced in response to water deficiency which results in a strong reduction in the 
plant-bacterial interaction as well as the formation of the infection cord [49]. The aerial and 
nodular biomass also shows a considerable reduction under these conditions, followed by 
a reduction in the efficiency of the nitrogenase complex for BNF [50]. This reduction cannot 
be mainly explained by the decrease in the rate of photosynthesis, whereas other alternative 
causes can regulate the BNF under water deficit. In Refs. [51, 52], O
2
 limitation, C shortage and 
N-feedback are the three main factors that could be involved in this inhibition. Indeed, severe 
water deficiency disrupts the nitrogenase activity of the nodules by causing a rapid decrease 
in the supply of oxygen to the nodules and consequently an interruption of the adenosine 
triphosphate (ATP) supply to the nitrogenase [53]. It can also slowdown the transport of pho-
tosynthate towards the nodules, which limits the contribution of the energy substrates [54].
In Ref. [55], it has been reported that, in general, rhizobia strains appear to be more tolerant 
to water deficiency than host plants, but these strains exhibit variation in their growth and 
survival under this stress. The reduction of the nodular biomass under water deficit could be 
explained by the reduction in the number and diameter of the root hairs or the inhibition of 
the emergence and the elongation of these organs [56] and, on the other hand, Limited rhizo-
bia growth, which reduces the initiation and development of nodules [57]. Studies reported 
that g
s
 was reduced in all of the studied symbiotic combinations subject to water deficiency. 
This confirms the results found in Refs. [42, 58]. The fact that these combinations exhibited 
lower g
s
 combined with high forage yield even under limiting water conditions supports the 
hypothesis that tolerant cultivars should develop mechanisms for better use of fixed CO
2
 and 
that these mechanisms are related to day/night differential control [59].
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In Ref. [24], it has been reported that no significant correlation was observed between leaf 
area and relative water content (RWC) and between g
s
 and RWC, while leaf area was found 
to be highly correlated (r2 = 0.674) at g
s
. Thus, we suggest that this could have positive indi-
rect effects on RWC by controlling stomata behaviour, maintaining the leaf area and facilitat-
ing water uptake in the event of water deficit [60]. The rate of electrolyte loss is considered 
to be a good physiological index which reflects the degree of alteration of the plants in the 
plasma membranes of the cells under stressful conditions [38]. An increase in electrolyte loss 
indicates that the integrity of the membrane is affected. The results of our study showed a 
significant increase of this parameter under water deficit in all the studied symbiotic combina-
tions. However, this increase was not significant for the more tolerant combination Ad-RcRh09 
which proves the importance of this parameter in the osmotic stress tolerance [24]. The same 
results have been reported in Refs. [61, 62].
8. Drought tolerance mechanisms in alfalfa
8.1. Osmotic adjustment and water potential
Water potential (Ψ) and osmotic adjustment (AO) can be used as selection criteria to improve 
drought tolerance in many legume species grown in arid and semiarid regions. Maintaining a 
low Ψ is considered one of dehydration avoidance mechanisms developed by plants in order 
to survive in extreme drought conditions. It depends on access and absorption of soil water 
by roots, sweating, canopy size, leaf area, leaf rolling and internal water transport [63]. On the 
other hand, substances that can contribute to AO include organic acids, cations (such as K+) 
and inorganic anions, carbohydrates and amino acids. These substances are often associated 
with easy protective functions such as hydroxyl (OH), cyclitol, proline and glycine betaine 
[64]. Active AO is the net increase in osmotically active solutes leading to the decrease of 
the osmotic potential (Ψ
s
) in the cell and consequently the total Ψ decrease. This is seen as a 
drought adaptation and not a mere response. On the other hand, a second form of AO has 
been proposed according to the Ref. [65], called “passive AO”, considered as a response to 
water deficit and associated with loss of water and therefore a reduction of the cell volume.
8.2. Antioxidant defence
Water deficiency induces the appearance of oxidative stress, that is, the accumulation of reac-
tive oxygen species (ROS) causing damage to cellular structures [66]. These are molecules 
showing redox states between oxygen (O
2
) and water (H
2
O) including superoxide anion O
2
−, 
hydrogen peroxide (H
2
O
2
), hydroxide (OH−) and oxygen singlet (1O
2
) which are extremely 
reactive and tend to reduce the water molecule rapidly (ms to ps). As a result, legumes have 
developed a powerful antioxidant system that is finely regulated in time and space to main-
tain adequate levels of ROS. This system could detoxify the ROS and radicals of lipid perox-
ides and maintain an adequate redox balance in the cell [40]. An antioxidant is defined as a 
molecule capable of releasing H+ electrons or protons with a low reduction potential in order 
to have a radical either harmless or effectively quenched by other electron donors and have 
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properties that correlate with oxidative stress [67]. Numerous studies have shown the induc-
tion of nonenzymatic and enzymatic antioxidants in legumes subjected to water deficiency. 
Antioxidant enzymes are proteins that catalyse the detoxification of free radicals by using 
protons or electrons released by nonenzymatic antioxidants [68]. In the case of water deficit 
and salinity, several workers have reported the increase of these activities in the nodules 
under stress [41]. It has been shown in Refs. [40, 69] that tolerant alfalfa-rhizobia symbiotic 
combinations synthesize more peroxidase, catalase and superoxide dismutase in their leaves 
and nodules than the sensitive ones.
9. Deficit irrigation and water productivity (WP)
Irrigation schemes can be classified as full and deficit irrigation regimes, depending on the 
crop species, the physiological conditions of the plant, the soil and the climate of the region in 
question. With full field capacity irrigation, high growth and stable yield could be achieved 
but require high amounts of water and high cost of accompanying farming practices. The 
water requirements of each crop vary at different stages of plant development and genotype, 
sensitivity of its physiological state, soil structure and property, climatic conditions and agri-
cultural practices [28]. To avoid water stress damage during the growth phase, deficit irriga-
tion could be an additional method to improve water productivity (WP) in alfalfa and other 
crops especially in areas where water resources are limited or production costs are high [70], 
as in the case of the arid regions of Morocco where the cultivation of lucerne is conducted only 
by irrigation. It has been reported in Refs. [71, 72] that deficit irrigation could improve the WP 
and hence the growth and yield of plants relative to full irrigation. However, in Ref. [73] sum-
mer deficit irrigation reduces the yield of alfalfa without impeding its growth.
10. Seed osmopriming and drought tolerance in alfalfa
Seed priming with chemical agents such as sodium nitroxide, hydrogen peroxide, sodium 
hydrosulphide, melatonin, polyamines and polyethylene glycol (PEG) or biological agents 
such as bacterial suspensions improves plants tolerance to different abiotic stresses by 
improving cellular homeostasis and plant growth [74]. The most commonly used priming 
agents share the same modes of action, especially under stressful conditions. Moreover, when 
used against different abiotic constraints, their modes of action exhibit similarities, but also 
distinct specificities and their performance mainly depend on concentration of the priming 
agent, priming period and temperature [74].
The purpose of seed osmopriming is to reduce germination time and to improve germina-
tion percentage especially under adverse environmental conditions. Treated seeds have been 
shown to have the potential to rapidly restart germinative metabolism, thereby improving 
germination rates [75]. The impact of abiotic stress on the physiology and growth of alfalfa, 
maize and soybean plants from treated seeds has been shown to be remarkably reduced com-
pared to plants from untreated seeds [15, 33] (Figure 3). Moreover, those plants whose seeds 
Alfalfa and Its Symbiosis Responses to Osmotic Stress
http://dx.doi.org/10.5772/intechopen.69760
157
have been previously exposed to a pretreatment agent such as a natural or synthetic chemical 
compound present opportunities for better use in the study and management of the physiology 
of biotic and abiotic stresses in plants.
10.1. Osmopriming and pregerminative metabolism
In the osmotic priming technique, seeds are soaked in PEG or other osmotic solution during 
the period of time estimated to complete the first two phases of the germination process. 
Several osmotic agents can be used, mainly KNO
3
, KH
2
PO4, K2HPO4, CaCl2, ZnSO4, MgCl2, MnSO4, NaCl, NaSO4 and organic compounds, namely, fumaric, succinic, malic and citric acids; purines; and pyrimidines. PEG is most commonly used as a Ψ reducing agent due to its 
non-toxic nature and large molecular size, without penetrating the seeds during soaking [76]. 
This technique has beneficial effects on plant germination and tolerance, especially under 
osmotic stress conditions. During the treatment, the amount of absorbed water is controlled 
in such a way to induce the pregerminative metabolic activities necessary for germination 
but prevents the actual emergence of the radicle [77]. Different physiological and biochemical 
activities occur in the seed at different moisture levels. Generally, this treatment improves 
seed rate, uniformity and germination time [78]. This effect can be attributed to the activation 
of seed repair mechanisms after exposure to adverse conditions, accumulation of germina-
tion-promoting substances, nutrient accumulation and osmotic adjustment (AO) [78, 79]. This 
technique has been shown to be strongly associated with increased antioxidant defence in 
Figure 3. Seed osmopriming as a way to improve drought tolerance in alfalfa.
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germinated seeds, which allows better tolerance to oxidative stress, reduction of lipid peroxi-
dation and increase in membrane stability under water deficit conditions [15, 80].
10.2. Other techniques of seed priming
There are several techniques for seed priming, which differ according to the used agent. 
Among the most frequently used are hydropriming and biopriming. The first technique con-
sists in exposing the seeds to a limited quantity of water in a continuous or successive man-
ner at a suitable temperature. This is an inexpensive technique often used for field-grown 
cereals and legumes to accelerate germination [81]. The second technique consists in treating 
the seeds with microbiological agents such as rhizobia, Azospirillum, Pseudomonas, Bacillus, 
Trichoderma, Gliocladium and other species and aims to improve the vigour and viability of the 
seeds. This technique uses a combination of hydration and seed inoculation with beneficial 
organisms in order to improve their germination, especially to protect them under stressful 
environmental conditions [77].
10.3. Osmopriming drought tolerance
The beneficial effects of seed priming to improve the germination rate under abiotic stress have 
been reported in some alfalfa genotypes [15, 33] and other legumes such as faba bean [82] and 
soybeans [83] and other crops such as cumin and rice [84]. At the molecular level, seed prim-
ing may be strongly linked to tolerance to water deficit. Indeed, it has been proposed in Refs. 
[85] that priming involves the accumulation of inactive cell kinase cascades and the modifi-
cation of the chromatin structure and thus allows the amplification and activation of stress 
defence genes. In Ref. [86], two strategies have been proposed in which osmopriming prob-
ably improves abiotic stress tolerance including water deficit and salinity. In the first place, the 
treated seeds mobilize activities related to germination, for example, respiration, weakening of 
the endosperm, transcription and translation of genes, etc., thus facilitating the transition of dry 
seeds from the state of resting towards germination and leading to the improvement of their 
germination potential. Secondly, osmopriming initially imposes a certain level of abiotic stress 
on the seeds that suppresses the emergence of the radicle but stimulates stress-related reactions 
such as the accumulation of abundant proteins of late embryogenesis (LEA). These two strate-
gies constitute a sort of priming memory, which could participate in the mechanisms of toler-
ance of germinated seeds during subsequent stress exposure [87]. In Ref. [15], priming of alfalfa 
seeds at −0.6 MPa of PEG6000 for 24 h at 25°C improved the water deficit tolerance in germi-
nated seeds. Similar results have been reported in Refs. [84, 88] for rice and cumin, respectively.
In general, tolerant genotypes have the ability to protect themselves by stimulating the syn-
thesis of enzymes and antioxidant molecules [89]. These compounds can thus neutralize 
the toxic capacity of the peroxide, superoxide and the hydroxyl radicals present in the tis-
sues [90]. In our studies, we observed a significant increase in peroxidase (PO) and catalase 
(CAT) activities under water deficiency in young seedlings of all tested alfalfa genotypes [15]. 
These increases showed relative variations between genotypes. In addition, CAT activity was 
positively correlated (r = 0.161*) to germination performance under water deficiency, which 
could be explained by the  induction of CAT enzyme synthesis, which plays a key role in the 
Alfalfa and Its Symbiosis Responses to Osmotic Stress
http://dx.doi.org/10.5772/intechopen.69760
159
 protection and repair systems under water deficiency, especially during PEG priming [91]. 
The results showed that priming improves membrane protection in most alfalfa seedlings 
under severe water stress (−0.75 MPa PEG), especially in seedlings treated with −0.6 MPa 
PEG6000. Similar results have been reported in Refs. [92] after 48 h of osmopriming for spin-
ach seeds and after 12 h of osmopriming in [33] for alfalfa under saline stress. Under similar 
conditions, the Adis-Tata population showed the greatest stability of the membrane compared 
to the other genotypes studied. It presented low levels of malondialdehyde (MDA) and low 
electrolyte loss values in comparison to other tested populations, and these results could be 
explained by the high levels of antioxidant enzyme activity such as PO and CAT [90]. The 
low accumulation of MDA in tolerant cultivars could be explained by the decomposition of 
ROS via increased CAT and PO activities and is consistent with improved protection of some 
Medicago cultivars against oxidative damage [41].
10.4. Osmopriming and N
2
-fixing symbiosis
Seed osmopriming is a good technique to improve the germination rate and vigour of young 
seedlings as well as the plant growth in many species. It has been shown that it can improve 
nodulation, N
2
 capacity in legumes and nutrient acquisition, especially in less fertile soils [81]. 
Studies have reported that plants from treated seeds have shown high capacity to form nodules 
and accumulate large amounts of N, K+ and P, especially under stress conditions [93, 94]. 
In addition, rapid germination of seedlings could emerge and produce deep roots before the 
upper soil layers are dried and crusty, which may result in better legume placement and 
improve their ability to form a large number of nodules [93]. This technique has been reported 
to be effective in improving growth and yield of legumes [95]. It has been showed in Ref. 
[96] that the application of Rhizobium with seed priming significantly increased photosynthe-
sis and nodulation and consequently nitrogenase activity in Cicer arietinum. It has been sug-
gested that the combination of a tolerant rhizobia with some stress-tolerant alfalfa cultivars 
could improve the ability of plants to grow and survive under water and salinity deficiency 
conditions [15, 93].
In Ref. [93], osmopriming increased significantly (p < 0.001) the chlorophyll-fluorescence (Fv/Fm) 
ratio, time to maximal fluorescence (TFm) and electron transport rate (ETR) in almost all sym-
biotic associations subjected to water deficit. These results indicated that this treatment may 
reduce the adverse effects of water deficit and salinity in alfalfa plants [97]. Several traits in 
these studies such as high chlorophyll contents, ETR and leaf area (canopy), could be behind 
the improvement of photosynthesis efficiency in combination with osmoprimed seeds in 
comparison to those from unprimed ones. In addition, we suggest that osmoprimed seeds 
and improved symbiotic N
2
 fixing, high leaf relative water content (RWC) and photosystem 
(PS) II efficiency in the tolerant symbiotic combinations could avoid leaf senescence under 
water stress.
Under water deficiency, it has been reported that nutrient level was reduced in alfalfa plants 
from unprimed seeds in comparison to those from osmoprimed seeds [93]. However, the K+ 
content was significantly (p < 0.001) increased in tolerant combinations from the treated seeds 
compared to those of untreated seeds. Seed priming has been shown to intensify seed supply 
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consumption, depletion rates, and dry seedling biomass [93, 98]. In addition, a high absorption 
of nutrients depends on good seed germination, vigorous establishment, root growth and activa-
tion of tolerance mechanisms such as osmoregulators and ROS detoxification enzymes [15, 40].
11. Conclusion
The negative effects of osmotic stress on legumes could strongly determine the interaction 
between rhizobia and alfalfa symbioses. These conditions have negative effects on plant 
metabolism and photosynthesis. However, several symbiotic interactions between alfalfa and 
tolerant rhizobia have shown high tolerance to drought and salinity with significant variation 
in their behaviour. Osmopriming treatment improves water deficit tolerance in young seed-
lings of alfalfa as well as the N
2
 fixing capacity in growth stage. This enhancement is strongly 
related to the induction of antioxidant enzymes and due to also to the presence of tolerant 
rhizobia. This technique is very effective for the less tolerant genotypes and could make them 
comparable to the tolerant ones under water deficit.
Author details
Mohammed Mouradi1,2*, Mohamed Farissi3, Abdelaziz Bouizgaren2, Yahya Lahrizi1,  
Ahmed Qaddoury1 and Cherki Ghoulam1
*Address all correspondence to: mohammed.mouradi@edu.uca.ma
1 Unit of Biotechnology and Symbiosis Agrophysiology, Faculty of Sciences and Techniques, 
Cadi Ayyad University, Marrakesh, Morocco
2 Unit of Plant Breeding, National Institute for Agronomic Research (INRA), Marrakech, 
Morocco
3 Polyvalent Laboratory on Research & Development, Polydisciplinary Faculty, Beni Mellal, 
Morocco
References
[1] Hamidi H, Safarnejad A. Effect of drought stress on alfalfa cultivars (Medicago sativa 
L.) in germination stage. American-Eurasian Journal of Agricultural and Environmental 
Science. 2010;8(6):705-709
[2] Bouizgaren A. Fiche technique sur la culture de la luzerne au Maroc. technique de pro-
duction fourragère et semencière. [Technical sheet of alfalfa cultivation in Morocco. 
Techniques of forage and seed production]. Marrakech, Morocco: National Institute for 
Agronomical Research (INRA); 2007. pp. 5-23
Alfalfa and Its Symbiosis Responses to Osmotic Stress
http://dx.doi.org/10.5772/intechopen.69760
161
[3] IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global 
and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change. Cambridge, United Kingdom and 
New York, NY, USA: Cambridge University Press; 2014
[4] Hameed RA, Hussain NN. Genetic diversity of rhizobia nodulating alfalfa in Iraq 
as a source of more efficient drought tolerance strains. Journal of Molecular Biology 
Research. 2016;6:20
[5] Yacoubi RC, Job M, Belghazi W, Chaibi D. Job, Proteomic analysis of the enhancement of 
seed vigour in osmoprimed alfalfa seeds germinated under salinity stress. Seed Science 
Research. 2013;23:99-110
[6] Vavilov NI, Freier F. Studies on the origin of cultivated plants. Studies on the Origin of 
Cultivated Plants. 1951. pp.xxii + 185 pp
[7] Michaud R, Lehman W, Rumbaugh M. World distribution and historical development. 
Alfalfa and Alfalfa Improvement. 1988:25-91
[8] Sinskaya E. Data on the developmental biology and physiology of medic species. Flora 
of Cultivated Plants of the USSR. 1961:209-291
[9] Birouk A. Les ressources phytogénétiques au Maroc: analyse de la variabilité génétique 
d'une espèce fourragère, la luzerne (Medicago sativa L.). Thèse de doctorat Sciences 
biologiques Paris, 11;1987:1987PA112377. http://www.theses.fr/1987PA112377
[10] Bouizgaren A. Evaluation de la variabilité génétique à l’aide des caractères d’adaptation 
et moléculaires chez les populations marocaines de luzerne (Medicago sativa L.): Apport 
à la conservation in-situ. Docteur: Cadi Ayyad University; 2012
[11] Prosperi JM, Jenczewski E, Muller MH, Fourtier S, Sampoux JP, Ronfort J. Alfalfa domesti-
cation history, genetic diversity and genetic resources. Legume Perspectives. 2014;4:13-14
[12] Bouizgaren A, Farissi M, Ghoulam C, Kallida R, Faghire M, Barakate M, Al Feddy MN. 
Assessment of summer drought tolerance variability in Mediterranean alfalfa (Medicago 
sativa L.) cultivars under Moroccan fields conditions. Archives of Agronomy and Soil 
Science. 2013;59:147-160
[13] Earl HJ, Davis RF. Effect of drought stress on leaf and whole canopy radiation use effi-
ciency and yield of maize. Agronomy Journal. 2003;95:688-696
[14] Wu C, Wang Q, Xie B, Wang Z, Cui J, Hu T. Effects of drought and salt stress on 
seed germination of three leguminous species. African Journal of Biotechnology. 
2011;10:17954-17961
[15] Mouradi M, Bouizgaren A, Farissi M, Makoudi B, Kabbadj A, Very AA, Sentenac H, 
Qaddoury A, Ghoulam C. Osmopriming improves seeds germination, growth, antioxi-
dant responses and membrane stability during early stage of Moroccan alfalfa popula-
tions under water deficit. Chilean Journal of Agricultural Research. 2016;76:265-272
[16] Tardieu F, Parent B, Caldeira CF, Welcker C. Genetic and physiological controls of 
growth under water deficit. Plant Physiology. 2014;164:1628-1635
New Perspectives in Forage Crops162
[17] Yousfi N, Sihem N, Ramzi A, Abdelly C. Growth, photosynthesis and water relations as 
affected by different drought regimes and subsequent recovery in Medicago laciniata (L.) 
populations. Journal of Plant Biology. 2016;59:33-43
[18] Knipfer T, Fricke W. Water uptake by seminal and adventitious roots in relation to 
whole-plant water flow in barley (Hordeum vulgare L.). Journal of Experimental Botany. 
2011:62;717-733
[19] Zollinger N, Kjelgren R, Cerny-Koenig T, Kopp K, Koenig R. Drought responses of six 
ornamental herbaceous perennials. Scientia Horticulturae. 2006:109;267-274
[20] Jongrungklang N, Toomsan B, Vorasoot N, Jogloy S, Boote K, Hoogenboom G, Patanothai 
A. Rooting traits of peanut genotypes with different yield responses to pre-flowering 
drought stress. Field Crops Research. 2011;120:262-270
[21] Rouphael Y, Cardarelli M, Schwarz D, Franken P, Colla G. Effects of drought on nutri-
ent uptake and assimilation in vegetable crops. In: Plant Responses to Drought Stress. 
Springer Berlin, Heidelberg, Germany; 2012. pp. 171-195
[22] Flexas J, Gallé A, Galmés J, Ribas-Carbo M, Medrano H. The response of photosynthesis 
to soil water stress. In: Plant Responses to Drought Stress. Springer Ricardo A (Ed.). 
Berlin; 2012. pp. 129-144
[23] del Pozo A, Ovalle C, Espinoza S, Barahona V, Gerding M, Humphries A. Water rela-
tions and use-efficiency, plant survival and productivity of nine alfalfa (Medicago sativa 
L.) cultivars in dryland Mediterranean conditions. European Journal of Agronomy. 
2017;84:16-22
[24] Mouradi M, Farissi M, Bouizgaren A, Makoudi B, Kabbadj A, Very AA, Sentenac H, 
Qaddourya A, Ghoulam C. Effects of water deficit on growth, nodulation and physi-
ological and biochemical processes in Medicago sativa-Rhizobia Symbiotic Association. 
Arid Land Research and Management. 2016;30:193-208
[25] Samarah N, Alqudah A, Amayreh J, McAndrews G. The effect of late-terminal drought 
stress on yield components of four barley cultivars. Journal of Agronomy and Crop 
Science. 2009:195;427-441
[26] Tang AC, Kawamitsu Y, Kanechi M, Boyer JS. Photosynthetic oxygen evolution at low 
water potential in leaf discs lacking an epidermis. Annals of Botany. 2002;89:861-870
[27] Kannan N, Kul G. Drought induced changes in physiological, biochemical and phyto-
chemical properties of Withania somnifera Dun. Journal of Medicinal Plants Research. 
2011;5:3929-3935
[28] Mathobo R, Marais D, Steyn JM. The effect of drought stress on yield, leaf gaseous 
exchange and chlorophyll fluorescence of dry beans (Phaseolus vulgaris L.). Agricultural 
Water Management. 2017;180:118-125
[29] Jaleel CA, Manivannan P, Wahid A, Farooq M, Al-Juburi HJ, Somasundaram R, 
Panneerselvam R. Drought stress in plants: A review on morphological character-
istics and pigments composition. International Journal of Agriculture and Biology. 
2009;11:100-105
Alfalfa and Its Symbiosis Responses to Osmotic Stress
http://dx.doi.org/10.5772/intechopen.69760
163
[30] Lichtenthaler HK, Ac A, Marek MV, Kalina J, Urban O. Differences in pigment composi-
tion, photosynthetic rates and chlorophyll fluorescence images of sun and shade leaves 
of four tree species. Plant Physiology and Biochemistry. 2007;45:577-588
[31] Ramin A. Effects of salinity and temperature on germination and seedling establish-
ment of sweet basil (Ocimum basilicum L.). Journal of Herbs, Spices & Medicinal Plants. 
2006;11:81-90
[32] Mezni M, Albouchi A, Bizid E, Hamza M. Minerals uptake, organic osmotica contents 
and water balance in alfalfa under salt stress. Journal of Phytology. 2010;2
[33] Amooaghaie R. The effect of hydro and osmopriming on alfalfa seed germination and anti-
oxidant defenses under salt stress. African Journal of Biotechnology. 2011;10:6269-6275
[34] Farissi M, Bouizgaren A, Faghire M, Bargaz A, Ghoulam C. Agro-physiological responses 
of Moroccan alfalfa (Medicago sativa L.) populations to salt stress during germination and 
early seedling stages. Seed Sciences & Technology. 2011;39:389-401
[35] Munns R, Tester M. Mechanisms of salinity tolerance. Annual Review of Plant Biology. 
2008;59:651-681
[36] Chaves MM, Flexas J, Pinheiro C. Photosynthesis under drought and salt stress: 
Regulation mechanisms from whole plant to cell. Annals of Botany. 2009;103:551-560
[37] James RA, Rivelli AR, Munns R, Von Caemmerer S. Factors affecting CO
2
 assimila-
tion, leaf injury and growth in salt-stressed durum wheat. Functional Plant Biology. 
2002;29:1393-1403
[38] Ghoulam C, Foursy A, Fares K. Effects of salt stress on growth, inorganic ions and 
proline accumulation in relation to osmotic adjustment in five sugar beet cultivars. 
Environmental and Experimental Botany. 2002;47:39-50
[39] Faghire M, Bargaz A, Farissi M, Palma F, Mandri B, Lluch C, García NT, Herrera-Cervera 
J, Oufdou K, Ghoulam C. Effect of salinity on nodulation, nitrogen fixation and growth 
of common bean (Phaseolus vulgaris) inoculated with rhizobial strains isolated from the 
Haouz region of Morocco. Symbiosis. 2011;55:69-75
[40] Mouradi M, Bouizgaren A, Farissi M, Qaddoury A, Ghoulam C. Medicago sativa-rhizo-
bia symbiosis under water deficit: Physiological, antioxidant and nutritional responses 
in nodules and leaves. Journal of Plant Nutrition. In press. 2017
[41] Sharma P, Jha AB, Dubey RS, Pessarakli M. Reactive oxygen species, oxidative damage, 
and antioxidative defense mechanism in plants under stressful conditions. Journal of 
Botany. 2012;2012:1-26
[42] Aranjuelo I, Molero G, Erice G, Avice JC, Nogués S. Plant physiology and proteomics 
reveals the leaf response to drought in alfalfa (Medicago sativa L.). Journal of Experimental 
Botany. 2011;62:111-123
[43] Arrese-Igor C, González EM, Marino D, Ladrera R, Larrainzar E, Gil-Quintana E. 
Physiological responses of legume nodules to drought. Plant Stress. 2011;5:24-31
New Perspectives in Forage Crops164
[44] Aydi S, Sassi S, Abdelly C. Growth, nitrogen fixation and ion distribution in Medicago 
truncatula subjected to salt stress. Plant and Soil. 2008;312:59
[45] Djedidi S, Yokoyama T, Tomooka N, Ohkama-Ohtsu N, Risal CP, Abdelly C, Sekimoto 
H. Phenotypic and genetic characterization of rhizobia associated with alfalfa in 
the Hokkaido and Ishigaki regions of Japan. Systematic and Applied Microbiology. 
2011:34:453-461
[46] Mhadhbi H, Fotopoulos V, Djebali N, Polidoros AN, Aouani ME. Behaviours of medi-
cago truncatula-sinorhizobium meliloti symbioses under osmotic stress in relation with 
the symbiotic partner input: Effects on nodule functioning and protection. Journal of 
Agronomy and Crop Science. 2009;195:225-231
[47] Gehlot HS, Panwar D, Tak N, Tak A, Sankhla IS, Poonar N, Parihar R, Shekhawat NS, 
Kumar M, Tiwari R. Nodulation of legumes from the Thar desert of India and molecular 
characterization of their rhizobia. Plant and Soil. 2012;357:227-243
[48] Sprent JI. Evolution and diversity in the legume-rhizobium symbiosis: Chaos theory? 
Plant and Soil. 1994;161:1-10
[49] Mhadhbi H, Fotopoulos V, Mylona PV, Jebara M, Elarbi Aouani M, Polidoros AN. 
Antioxidant gene-enzyme responses in Medicago truncatula genotypes with different 
degree of sensitivity to salinity. Physiologia Plantarum. 2011;141:201-214
[50] Oldroyd GE, Murray JD, Poole PS, Downie JA. The rules of engagement in the legume-
rhizobial symbiosis. Annual Review of Genetics. 2011;45:119-144
[51] Marino D, Damiani I, Gucciardo S, Mijangos I, Pauly N, Puppo A. Inhibition of nitrogen 
fixation in symbiotic Medicago truncatula upon Cd exposure is a local process involving 
leghemoglobin. Journal of Experimental Botany. 2013:ert334
[52] González EM, Larrainzar E, Marino D, Wienkoop S, Gil-Quintana E, Arrese-Igor C. 
Physiological responses of N
2
-fixing legumes to water limitation. In: Legume Nitrogen 
Fixation in a Changing Environment. Springer, New York; 2015. pp. 5-33
[53] Larrainzar E, Wienkoop S, Scherling C, Kempa S, Ladrera R, Arrese-Igor C, Weckwerth 
W, González EM. Carbon metabolism and bacteroid functioning are involved in the 
regulation of nitrogen fixation in Medicago truncatula under drought and recovery, 
Molecular Plant-Microbe Interactions. 2009;22:1565-1576
[54] Serraj R, Vadez V, Sinclair T. Feedback regulation of symbiotic N
2
 fixation under drought 
stress. Agronomie. 2001;21:621-626
[55] Ben Romdhane S, Trabelsi M, Aouani ME, de Lajudie P, Mhamdi R. The diversity of rhi-
zobia nodulating chickpea (Cicer arietinum) under water deficiency as a source of more 
efficient inoculants. Soil Biology and Biochemistry. 2009;41:2568-2572
[56] Zaharan H, Sprent J. Effect of sodium chloride and polyethylene glycol on root hair 
infection of Vicia faba L. plants by Rhizobium leguminosarum. Planta. 1986;167:303-309
Alfalfa and Its Symbiosis Responses to Osmotic Stress
http://dx.doi.org/10.5772/intechopen.69760
165
[57] Antolín MC, Muro I, Sánchez-Díaz M. Application of sewage sludge improves growth, 
photosynthesis and antioxidant activities of nodulated alfalfa plants under drought con-
ditions. Environmental and Experimental Botany. 2010;68:75-82
[58] Leung J, Valon C, Moreau B, Boeglin M, Lefoulon C, Joshi-Saha A, Chérel I. Mécanisme 
moléculaire d’action de l’acide abscissique en réponse à la sécheresse chez les végétaux. 
Biologie Aujourd'hui. 2012;206:301-312
[59] Rosales MA, Ocampo E, Rodríguez-Valentín R, Olvera-Carrillo Y, Acosta-Gallegos J, 
Covarrubias AA. Physiological analysis of common bean (Phaseolus vulgaris L.) cultivars 
uncovers characteristics related to terminal drought resistance. Plant Physiology and 
Biochemistry. 2012;56:24-34
[60] Thameur A, Lachiheb B, Ferchichi A. Drought effect on growth, gas exchange and yield, 
in two strains of local barley Ardhaoui, under water deficit conditions in southern 
Tunisia. Journal of Environmental Management. 2012;113:495-500
[61] Slama I, Tayachi S, Jdey A, Rouached A, Abdelly C. Differential response to water deficit 
stress in alfalfa (Medicago sativa) cultivars: Growth, water relations, osmolyte accumula-
tion and lipid peroxidation, African Journal of Biotechnology. 2011;10:16250-16259
[62] Farissi M, Ghoulam C, Bouizgaren A. Changes in water deficit saturation and photosyn-
thetic pigments of Alfalfa populations under salinity and assessment of proline role in 
salt tolerance. Agricultural Science Research Journals. 2013;3:29-35
[63] Jongdee B, Fukai S, Cooper M. Leaf water potential and osmotic adjustment as physio-
logical traits to improve drought tolerance in rice. Field Crops Research. 2002;76:153-163
[64] Sanders GJ, Arndt SK. Osmotic adjustment under drought conditions. In: Plant 
Responses to Drought Stress. Springer, Berlin, Germany; 2012. pp. 199-229
[65] Turner DW. An index of osmotic adjustment that allows comparison of its magnitude 
across species and experiments. Physiologia Plantarum. 2006;127:478-482
[66] Smirnoff N. The role of active oxygen in the response of plants to water deficit and desic-
cation. New Phytologist. 1993;125:27-58
[67] Hernandez I, Alegre L, Van Breusegem F, Munne-Bosch S. How relevant are flavonoids 
as antioxidants in plants? Trends in Plant Science. 2009;14:125-132
[68] Hernández-Ortega M, Ortiz-Moreno A, Hernández-Navarro MD, Chamorro-Cevallos 
G, Dorantes-Alvarez L, Necoechea-Mondragón H. Antioxidant, antinociceptive, and 
anti-inflammatory effects of carotenoids extracted from dried pepper (Capsicum annuum 
L.). BioMed Research International. 2012;2012:524019. pp. 10
[69] Farissi M, Bouizgaren A, Ghoulam C. Antioxidant responses of alfalfa (Medicago sativa 
L.) nodules to water deficit stress. Annals of Experimental Biology. 2014;2:16-20
[70] Mouradi M, Bouizgaren A, Farissi M, Ghoulam C. Assessment of deficit irrigation 
responses of moroccan alfalfa (Medicago sativa L.) landraces grown under field condi-
tions. Irrigation and Drainage. In press. 2017;66(3)
New Perspectives in Forage Crops166
[71] Zhang B, Li FM, Huang G, Cheng ZY, Zhang Y. Yield performance of spring wheat 
improved by regulated deficit irrigation in an arid area. Agricultural Water Management. 
2006;79:28-42
[72] Tejero IG, Zuazo VHD, Bocanegra JAJ, Fernández JLM. Improved water-use efficiency 
by deficit-irrigation programmes: Implications for saving water in citrus orchards. 
Scientia Horticulturae. 2011;128:274-282
[73] Hanson B, Putnam D, Snyder R. Deficit irrigation of alfalfa as a strategy for providing 
water for water-short areas. Agricultural Water Management. 2007;93:73-80
[74] Savvides A, Ali S, Tester M, Fotopoulos V. Chemical priming of plants against multiple 
abiotic stresses: Mission possible? Trends in Plant Science. 2016;21:329-340
[75] McDonald MB. Seed priming // Seed Technology and Its Biological Basis / Eds. M. Black, 
J.D. Bewley. Sheffield: Sheffield Academic Press, 2000;287-325
[76] Tavili A, Zare S, Moosavi SA, Enayati A. Effects of seed priming on germination char-
acteristics of bromus species under salt and drought conditions. American-Eurasian 
Journal of Agricultural and Environmental Science. 2011;10(2):163-168
[77] Bhanuprakash K, Yogeesha H. Seed priming for abiotic stress tolerance: An overview. 
In: Abiotic Stress Physiology of Horticultural Crops. Springer, New Delhi: Springer 
India; 2016. pp. 103-117
[78] Basra S, Farooq M, Tabassam R, Ahmad N. Physiological and biochemical aspects of 
pre-sowing seed treatments in fine rice (Oryza sativa L.). Seed Science and Technology. 
2005;33:623-628
[79] Bradford KJ. Manipulation of seed water relations via osmotic priming to improve ger-
mination under stress conditions. HortScience (USA). 1986;21:1105-1112
[80] Espanany A, Fallah S, Tadayyon A. Seed priming improves seed germination and reduces 
oxidative stress in black cumin (Nigella sativa) in presence of cadmium. Industrial Crops 
and Products. 2016;79:195-204
[81] Kaur S, Gupta AK, Kaur N. Effect of hydro- and osmopriming of chickpea (Cicer arieti-
num L.) seeds on enzymes of sucrose and nitrogen metabolism in nodules. Plant Growth 
Regulation. 2006;49:177-182
[82] Harb E. Effect of soaking seeds in some growth regulators and micronutrients on growth, 
some chemical constituents and yield of faba bean and cotton plants. Bulletin of Faculty 
of Agriculture. Cairo Univ. (Egypt). 1992;43:429-452
[83] Sadeghi H, Khazaei F, Yari L, Sheidaei S. Effect of seed osmopriming on seed germina-
tion behavior and vigor of soybean (Glycine max L.). ARPN Journal of Agricultural and 
Biological Science. 2011;6:39-43
[84] Rahimi A. Seed priming improves the germination performance of cumin (Cuminum 
cyminum L.) under temperature and water stress. Industrial Crops and Products. 
2013;42:454-460
Alfalfa and Its Symbiosis Responses to Osmotic Stress
http://dx.doi.org/10.5772/intechopen.69760
167
[85] Conrath U. Molecular aspects of defence priming. Trends in Plant Science. 2011;16:524-531
[86] Chen K, Arora R. Priming memory invokes seed stress-tolerance. Environmental and 
Experimental Botany. 2013;94:33-45
[87] Conrath U, Beckers GJM, Langenbach CJG, Jaskiewicz MR. Priming for enhanced 
defense. Annual Review of Phytopathology. 2015;53:97-119
[88] Sun YY, Sun YJ, Wang MT, Li XY, Guo X, Hu R, Ma J. Effects of seed priming on ger-
mination and seedling growth under water stress in rice. Acta Agronomica Sinica. 
2010;36:1931-1940
[89] Foyer CH, Noctor G. Redox homeostasis and antioxidant signaling: A metabolic interface 
between stress perception and physiological responses. The Plant Cell. 2005;17:1866-1875
[90] Wang WB, Kim YH, Lee HS, Kim KY, Deng XP, Kwak SS. Analysis of antioxidant enzyme 
activity during germination of alfalfa under salt and drought stresses. Plant Physiology 
and Biochemistry: PPB/Societe francaise de physiologie vegetale. 2009;47:570-577
[91] Kibinza S, Bazin J, Bailly C, Farrant JM, Corbineau F, El-Maarouf-Bouteau H. Catalase 
is a key enzyme in seed recovery from ageing during priming. Plant Science: An 
International Journal of Experimental Plant Biology. 2011;181:309-315
[92] Chen K, Arora R, Arora U. Osmopriming of spinach (Spinacia oleracea L. cv. Bloomsdale) 
seeds and germination performance under temperature and water stress. Seed Science 
and Technology. 2010;38:36-48
[93] Mouradi M, Bouizgaren A, Farissi M, Latrach L, Qaddoury A, Ghoulam C. Seed 
osmopriming improves plant growth, nodulation, chlorophyll fluorescence and nutrient 
uptake in alfalfa (Medicago sativa L.)–rhizobia symbiosis under drought stress. Scientia 
Horticulturae. 2016;213:232-242
[94] Umair A, Ali S, Hayat R, Ansar M, Tareen MJ. Evaluation of seed priming in mung bean 
(Vigna radiata) for yield, nodulation and biological nitrogen fixation under rainfed condi-
tions. African Journal of Biotechnology. 2011;10:18122-18129
[95] Rashid A, Harris D, Hollington P, Ali S. On-farm seed priming reduces yield losses of 
mungbean (Vigna radiata) associated with mungbean yellow mosaic virus in the North 
West Frontier Province of Pakistan. Crop Protection. 2004;23:1119-1124
[96] Harris D, Breese WA, Rao JVDKK. The improvement of crop yield in marginal environ-
ments using ‘on-farm’ seed priming: Nodulation, nitrogen fixation and disease resis-
tance. Australian Journal of Agricultural Research. 2005;56:1211
[97] Zhang F, Yu J, Johnston CR, Wang Y, Zhu K, Lu F, Zhang Z, Zou J. Seed priming with poly-
ethylene glycol induces physiological changes in sorghum (Sorghum bicolor L. Moench) 
seedlings under suboptimal soil moisture environments. PloS One. 2015;10:e0140620
[98] Ansari O, Chogazardi H, Sharifzadeh F, Nazarli H. Seed reserve utilization and seedling 
growth of treated seeds of mountain rye (Secale montanum) as affected by drought stress. 
Cercetari Agronomice in Moldova. 2012;45:43-48
New Perspectives in Forage Crops168
